vertebrate or invertebrate producers was uncertain in some cases. Only invertebrate trace-fossil data are included in this study.
Ichnogeneric occurrences were compiled on a case-by-case basis, summarizing actual records using 10 my bins, but are summarized for each Epoch (Fig. 2 , Table DR3 ). The curves were plotted as "range-through" data (i.e., based on lower and upper appearances for each ichnogenus/category of architectural design, with their presence extrapolated through any intervening gap). There are some potential problems involved in this approach. In particular, it is well known that individual ichnotaxa may be produced by more than one organism and that a single organism may produce more than one ichnotaxon (Ekdale et al., 1984) . As a result, the possibility that some of the gaps in the continuity of ichnogeneric records are real cannot be completely disregarded . In contrast to true taxa, an ichnotaxon may disappear from the fossil record due to the extinction of its producer to reappear as a result of behavioral convergence. In any case, plotting range-trough allows eliminating artificial smallscale fluctuations in ichnodiversity and ichnodisparity that simply reflect the uneven number of studies for each time span .
Individual curves were produced for continental, shallow-marine and deep-marine bioturbation ichnogenera, and marine and continental bioerosion ichnogenera (Fig. 2) . For this study, shallow-marine environments are those formed from the shoreline to the shelf break, whereas deep marine environments are those located seaward of the shelf break. Additional ichnodiversity curves were compiled for all marine bioturbation ichnogenera, all marine ichnogenera (bioerosion plus bioturbation), and all continental ichnogenera (bioerosion plus bioturbation).
Original paleoenvironmental interpretations were taken from the literature or, when possible, from personal data in order to differentiate between shallow marine, deep marine and continental occurrences. Temporal resolution is at Epoch rank. No formal subdivisions for the Ediacaran Period are available. However, this bin has been divided based on the informal subdivisions of Vendian (560-550 Ma) and Namibian (550-541 Ma) proposed by Jensen et al. (2006; see also Xiao et al., 2016 , for a discussion of potential subdivisions of the Ediacaran).
Biogenic structures recorded in modern sediments have been considered as occurring in the Holocene. More extensive explanations of the methodology and ichnotaxonomic decisions have been presented elsewhere Buatois et al., 2017) .
Additional comments on potential biases
The potential biases affecting the body-fossil record have been extensively discussed (e.g. Benton et al., 2000; Peters and Foote, 2001; Bambach et al., 2004; Peters, 2005; Alroy et al., 2008; Foote, 2010; Alroy, 2010 Alroy, , 2014 Holland and Scalafani, 2015; Bush and Bambach, 2015) .
Some of these biases may have had an impact on the trace-fossil record as well (e.g. uneven number of studies per stratigraphic interval), whereas others (e.g. increased ease of fossil extraction) do not. This discrepancy results from the fundamentally different nature of body fossils and trace fossils (Frey, 1975) . One of the specific peculiarities of trace fossils that should be taken into account in studies assessing ichnodiversity trajectories is the role of modern structures. In body fossils, the Pull of the Recent may contribute to inflate diversity levels toward the present day (Raup, 1979) . Evaluation of the nature of trace fossils suggests a more nuanced scenario. Some ichnotaxa lack modern counterparts because identification of modern traces is in many instances more difficult than with fossil material Buatois and Mángano, 2011) . This is particularly the case of fossil burrows which tend to be enhanced by diagenetic processes and that consist of both abandoned and active components. As a result, casts of modern examples are typically only obtained from the open burrow segments. The practical consequence is that these casts tend to reveal a simpler burrow morphology than the actual overall architecture. Therefore, identification of many ichnotaxa became complicated if not impossible in modern settings. This has led to the suggestion that trace fossils experience in fact the "Push-and-Pull of the Recent" . In our ichnogeneric counting, both the Holocene and the modern are considered together in an attempt to avoid this problem.
The alternative of simply not considering data from the modern is judged problematic as well because it would have resulted in the artificial truncation of the stratigraphic range of many ichnotaxa (i.e. erroneous assumption of many behaviours as extinct when in in fact these have persisted until the modern).
A rarefaction analysis of the trace-fossil data corresponding to the CE and GOBE has been performed in order to evaluate the effects of sample size on the diversity curves . Rarefaction curves provide on average the reduction in the number of different outcomes (i.e. the number of ichnogenera) with a reduction in the sample size. In the original analysis, confidence intervals were obtained for the rarefaction curves with the extremes of the interval marked with horizontal lines in the error bars are the 5 th and the 95 th percentiles . Both analytical and numerical approaches were implemented to check results. Due to the small size of the Cambrian-Ordovician bioerosion samples, rarefied curves based number of specimens recorded in addition to those based on ichnogeneric occurrences were constructed as well.
The performed rarefaction analysis essentially supports the increase in ichnodiversity attributed to the CE and GOBE based on raw data. However, some caveats merit discussion. A decrease in diversity of bioturbation structures in the Late Ordovician (Katian) is shown by the rarefied data, but this is not apparent from raw data. Further ichnologic examination of Upper Ordovician strata would be necessary to evaluate if this decrease is real or an artifact of the rarefied analysis (Buatois et al., 2006) . Also, there is a remarkable absence of middle to upper
Cambrian deep-marine deposits, which makes the corresponding ichnodiversity plateau most likely an artifact of carrying ichnodiversity values from the end of the early Cambrian to the Tremadocian. Accordingly, the diversification of deep-sea bioturbation structures may have started earlier than depicted by present ichnodiversity curves (i.e. any time during the middle to late Cambrian).
In order to evaluate potential sampling biases regarding the volume of continental to transitional clastic rocks, the number of ichnofossil-bearing stratigraphic units and the number of trace fossil assemblages documented in the continental to marginal-marine Paleozoic record, ichnodiversity data were standardized by using the residuals method . The sub-sampling method consists of randomly drawing a pre-determined sub-sample of fossil assemblages from a pool for each time bin in order to produce a normalized diversity curve (Alroy et al., 2001) . The residual diversity estimate method consists of a comparison between obtained diversity values to a null model in order to find the residuals to produce a de-trended diversity curve (Smith and McGowan, 2007; Lloyd, 2012) . Details on the application of these methods to the present dataset have been outlined by .
The analysis by indicates that in some cases there are statistically significant correlations between ichnodiversity and the numbers of trace-fossil bearing formations and the numbers of trace-fossil assemblages when the data are pooled at a temporal level lower that period. This limitation results from the fact that specific continental to marginalmarine subenvironments (e.g. subaqueous coastal, transitional coastal, and transitional alluvial environments) display a more complete record than others (e.g. subaerial coastal, subaqueous alluvial, aeolian and ephemeral lacustrine environments). In order to avoid this problem, in this study we have clustered all trace-fossil occurrences in the different continental subenvironments in one category (continental trace fossils). Marginal-marine occurrences were plotted together with shallow-marine trace fossils. Despite this correction, the ichnodiversity plateau that follows the Silurian-Devonian increase and persists until the Early Mississippian is probably an artifact resulting from the scarcity of Upper Devonian continental deposits (Minter et al., 2016b) . Table DR1 . First and last known occurrences of bioturbation ichnogenera considered as valid in Buatois et al. (2017) . Recently defined ichnogenera not considered in the original study have been added to this table. Aroucaichnus Sá and Gutierrez-Marco 2015 was interpreted as large spiral burrows, but it resembles microbial discoidal colonies (Grazhdankin and Gerdes, 2007) and is not included here. Krinodromos Neto de Carvalho et al. 2016 was interpreted as a crinoid crawling trace fossil, but it is uncertain if actual behaviour was involved instead of passive transport; therefore, it has not been included in this list. Table DR1 . First and last known occurrences of bioerosion ichnogenera considered as valid in Buatois et al. (2017) . Recently defined ichnogenera not considered in the original study have been added to this Bibliographic sources for Figure 1 The following studies have been used for trace-fossil morphologic reconstructions and assignment to trace makers:
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